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SCANNING APPARATUS 



Background of the Invention 



The present invention is directed to a digital scanner, and in particular to 
a digital scanner used for dental modeling employing a linkage moving the dental mold 
relative to the scanner in a curved pattern. 

Prior Art 

In the dental industry, a wax type material is used to make an impression 
of the profile of the teeth for the fabrication of dental bridges and crowns. A cast crown 
or bridge is made from the impressions. It is generally necessary to store the mold for 
extended periods of time, as may be required by codes and regulations. The storage of 
such castings can be a great expense for the dentist. The impressions require much 
space and must be stored in a controlled environment to preserve the impressions. The 
impressions may include imperfections due to improper casting technique. In addition, 
the mold may decay over time, failing to provide a long-time accurate record as may be 
required for future dental work. 

It is possible using computer aided modeling and scanning to overcome 
these problems. Such digitized images may then be stored and utilized to recreate the - 
impression needed for making crowns, bridges or for other dental work. Digital storage 
of the patient's dental records overcomes the problems associated with storing the 
physical impressions. Such digitized images of the teeth may be utilized for the same 
diagnostics as other models and recreating a physical model. Accurate measurements 
may also be made from the digitized model for other applications, such as use by 
orthodontists for fitting braces and other appliances. The dental images are long lasting 
and do not decay over time. Moreover, many dental images may be stored on a CD- 
ROM or other suitable storage device, taking up only computer storage disk space rather 
than physical space required for storing the cast dental impressions. 

Although scanner system have been developed which are capable of 
digitizing the image from scanning a dental mold, the time required for such scanning 
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may take several hours. Many sweeps are needed in order to accumulate sufficient data 
to fully digitize the cast impression/Typical techniques for digital scanning are based on 
systems that have independent rectilinear movement, typically along the X, Y or Z 
directions. It will be appreciated that the nature of the arrangement of teeth makes 
5 controlling and coordinating the typical rectilinear scanning techniques difficult. The 
teeth provide many arcing surfaces, as well as being arranged in an arcing configuration. 
These crevices and uneven surfaces may be difficult to accurately scan with a typical 
arrangement moving the scanner linearly relative to the impression. Scanner systems 
employing rectilinear motion during scanning accumulate far more data than is 
10 necessary to create an accurate digital model, adding to the scanning time. It can be 
appreciated that if an arcing sweep could be made across the dental impression, 
scanning could be more efficient. 

In order to achieve arcing movement, a linkage must be developed for 
moving the impression or scanner relative to one another in an arcing pattern within the 
1 5 focal range of the scanner. Typically, laser scanners have a very small depth of field so 
that the dental impression must be held within that range relative to the scanner in order 
to perform the scanning for digitizing. Many mechanisms have difficulty maintaining 
the object in the depth of field while moving the object through the required scans 
without interfering with the scanning beam. In addition, any linkage must be capable of 
20 moving the impression and scanner relative to one another so that the entire surface can 
be scanned. It is necessary that the impression be scanned without the linkage blocking 
the scanner at any particular position and losing data. The linkage mechanism must also 
provide the support necessary to prevent inaccuracies due to flexing and compounded 
tolerances leading to errors that may distort the accuracy of the digital model. As the 
25 scan is conducted, any inaccuracies could result in an unusable digital model. 

It is preferable for each dentist to have a system scanning in the office so 
that impressions do not need to be sent out for scanning. The size and cost of the system 
is very important. Such a digitizing scanning system is preferably sufficiently compact 
that it may be stored and placed on the desktop in an office. However, the mechanism 
30 necessary to move the scanner and impression relative to one another to achieve the 
accurate and full scanning provides challenges for the linkage design. In addition, the 
mechanism may require multiple drivers for achieving the multiple degrees of freedom 
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that may be necessary in order to move the scanner and impression relative to one 
another to achieve full and accurate scanning. 

It can be seen then that an improved digitizing system is needed. Such a 
system should replace the need for physical dental impressions and the problems 

5 associated with storage of such impressions. Such a system should also provide for 
accurate scanning in a reduced time frame that provides for curved paths of motion over 
the dental impression. The system should also be compact so that it may be stored 
easily in a dental office and achieve a degree of speed and accuracy that improves over 
linear scanning techniques. The present invention addresses these as well as other 

1 0 problems associated with scanning and storage of dental impressions. 

Summary of the Invention 



The present invention is directed to a scanning system and in particular 
to a scanning apparatus having a spherical five bar serial closed loop linkage adapted for 
1 5 supporting dental molds to be scanned. The scanning system includes a scanner device, 
such as a laser scanner, supported by a framework. A linkage is used to support an 
object to be scanned within the focal range of the laser scanning device. The linkage 
moves the object relative to the scanning beam so that the object's surface may be 
measured and digitized for improved storage. The linkage is preferably a five bar closed 
20 loop spherical serial linkage wherein the axis of rotation through each joint intersects at 
a center of a sphere defined by the linkage. The linkage has two degrees of freedom and 
two drive motors for positioning the linkage. In addition, the linkage is mounted on 
another arm for rotation relative to the scanning device in a preferred embodiment. The 
object to be scanned may also be rotatably or slidably mounted to and supported on the 
25 linkage so that its orientation may be changed in addition to the freedom provided by 
the linkage motion. The linkage provides for scanning in a curved manner over the 
surface of the object and is well suited for scanning objects such as dental molds, having 
arcing shapes which are better suited for curved scanning paths of motions. 

The linkage includes a first ground link rotatably mounted relative to the 
30 supporting arm. The ground link is mounted at a first end to a first end of a second link 
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at a first joint. The first joint has an axis of rotation intersecting the center of the 
rotational sphere defined by the spherical linkage. A second end of the second link 
connects to a first end of a third link through a second joint also having an axis of 
rotation intersecting with the axis of rotation for the first joint and the other joints at the 
center of the sphere. The second end of the third link connects to a first end of the 
fourth link at a third joint, also having an axis of rotation intersecting at the center of the 
spherical linkage. A second end of the fourth link connects at a fourth joint to a first 
end of a fifth link. The axis of rotation between the fourth and fifth links extends to the 
intersection at the center of the sphere. A second end of the fifth link pivotally mounts 
to the first ground link at a second location. The axis of rotation extending through this 
joint intersects with the four axes of rotation of the other four joints at the center of the 
sphere. 

A clamping mechanism retains an article holder, such as a dental mold 
tray holding a dental mold, at the exterior of the sphere in a first embodiment to move 
the dental mold through the laser beam of the scanner. With this configuration, the 
links do not pass through the scanning beam so that an uninterrupted scan of the surface 
of the object may be accomplished utilizing the linkage. 

In a preferred embodiment, the joints include bearing assemblies having 
one or more sets of bearings supporting rotational shafts providing the axes of rotation 
for the joints between the various links. In a preferred embodiment, the clamping 
mechanism for holding the dental mold tray is positioned between the third and fourth 
link with the dental mold substantially aligned with the axis extending through the joint 
between the third and fourth links. Motors drive the second and fifth links relative to 
the first link to position the linkage. However, it can be appreciated by those skilled in 
the art that the clamping mechanism and the drive motors may be mounted at other 
locations. As the spherical five bar closed loop serial linkage has two degrees of 
freedom, two motors are required to position the links at any desired position. In 
addition, the clamping mechanism for the dental mold tray includes a motor to rotate the 
dental mold tray. The dental mold can be rotated relative to the linkage for improved 
scanning. The entire linkage may also be rotated relative to the scanner by rotating the 
arm also serving as a first link relative to the frame. Bearings at each frame upright 
support the arm and at least one motor drives the arm through rotational positioning. 
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The rotational axis of the arm extends substantially through the dental mold, so the 
scanned object remains within the depth of field of the scanner as the arm is rotated. 

The present invention provides for improved scanning with curved paths 
of motion. As the linkage moving the object to be scanned is a spherical-type linkage, 
there are improved economies of space provided by the linkage as it is more compact 
than linear scanners performing the same scans. This configuration also decreases the 
likelihood that the linkage will interfere with the scanning beam. Placement of the 
supported article to be scanned exterior of the linkage sphere allows the linkage to have 
a smaller diameter. In addition, the scanning system provides four degrees of freedom 
for improved scanning angles and precision that are not possible with prior art systems. 
As the linkage is a closed loop serial linkage, greater support is provided between the 
links, which are all supported on both ends, so that flexure due to loads placed on the 
linkage is diminished as compared to open ended serial type linkages. The curved 
scanning pattern for curved object shapes provides for faster, more efficient scanning 
than linear methods, which must have far more scanning passes and data than are 
required with a nonlinear path of motion. 

These features of novelty and various other advantages which 
characterize the invention are pointed out with particularity in the claims annexed hereto 
and forming a part hereof. However, for a better understanding of the invention, its 
advantages, and the objects obtained by its use, reference should be made to the 
drawings which form a further part hereof, and to the accompanying descriptive matter, 
in which there is illustrated and described a preferred embodiment of the invention. 



Brief Description of the Drawings 

Referring now to the drawings, wherein like reference letters and numerals 
indicate corresponding structure throughout the several views: 

Figure 1 shows a front elevational view of a digital scanner apparatus according 
to the principles of the present invention; 



Figure 2 shows a right side elevational view of the scanner shown in Figure 1 ; 
Figure 3 shows a front top perspective view of the scanner shown in Figure 1 ; 
Figure 4 shows a rear bottom perspective view of the scanner shown in Figure 1; 
Figure 5 shows a top plan view of the scanner shown in Figure 1 ; 
5 Figure 6 shows a left side perspective view of the linkage for the scanner shown 

in Figure 1 ; 

Figure 7 shows a top perspective view of the linkage shown in Figure 6; 
Figure 8 shows a bottom perspective view of the linkage shown in Figure 6; 
Figure 9 shows a front elevational view of the linkage shown in Figure 6; 
1 0 Figure 1 0 shows a top plan view of the linkage shown in Figure 6; 

Figure 1 1 shows a sectional view taken through the dental tray clamp and two 
adjacent links for the scanner apparatus shown in Figure 1 ; and 

Figure 12 shows a top sectional view of the linkage drive motors for the scanner 
apparatus shown in Figure 1 . 

!5 Detailed Description of the Preferr ed F.mhodiment(s) 



Referring now to the drawings, and in particular Figure 1 , there is shown 
a scanning apparatus, generally designated 100. The scanning apparatus 100 is 
particularly suited for positioning and scanning dental models for digitizing the dental 

20 molds. As shown in Figures 1-5, the scanning apparatus 100 includes a support frame 
102 having spaced apart uprights 104 supporting an upper cross support 106. A laser 
scanner device 108 is mounted to the underside of the cross support 106 and emits a 
scanner beam 1 10, shown more clearly in Figures 3 and 4, at the object to be scanned. 
A spherical linkage 120 is utilized to move a dental model 150 in scanning sweeps 

25 beneath the laser scanner 108 so that its surface may be scanned completely. The 
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linkage 120 is mounted to the frame 102 on a pivoting arm 128 extending from each 
upright 104. The pivoting arm 128 is mounted on bearing assemblies 1 12 and is driven 
by a motor 1 14 from at least one side of the arm 128. The rotational axis of the arm 128 
preferably passes substantially through the bearing assemblies 1 12, motor 1 14 and the 
5 supported article. In a preferred embodiment, the motor 1 1 4 is a direct current servo 
motor with an encoder, such as Model 3863, available from MicroMO. However other 
types of motors, such as a stepper motor, giving a precise stopping position may also be 
utilized. The bearing assemblies 1 12 utilize two tapered roller bearings housed in a 
bearing box in a preferred embodiment. 
10 The linkage 120 is mounted directly to the arm 128 and utilizes a plate 

126 mounted to the arm 128 so that the arm and plate 126 form the ground link 130 of 
the linkage 120. As shown most clearly in Figures 6-10, the linkage 120 is a five bar 
spherical closed loop serial linkage that provides improved support and positioning. 
The linkage 120 provides for scanning the entire surface of a dental model held in the 
1 5 dental model tray 1 50 and without interrupting the'scanning beam 1 10. The spherical 
linkage 120 provides for paths of motion that are more compatible for scanning the 
typical dental model as the teeth are arranged in amarcing configuration more naturally 
suitable to curved scanning than to the straight line sweeps of a linear scanning pattern. 
A dental model tray 1 50 is aligned proximate one of the rotational axes between two of 
20 the linkage links and allows for moving the dental model through the scanner beam 1 10 
to provide complete scanning coverage of the model. In addition, as the linkage 120 
forms a closed loop, the scanning is more accurate as there are no nonsupported serial 
links extending outward that might have a greater degree of error due to tolerances, 
flexure, and compounding of these problems along a multi-link serial linkage. 
25 As the linkage 120 includes two degree of freedom, two motors 122 and 

124 are provided as drivers to input motion to the linkage 120. As shown in Figure 12, 
the motors 122 and 124 are brushless dc servo motors with encoders in a preferred 
embodiment, such as MicroMO Model 3564. In the embodiment shown, both motors 
drive the links pivotally mounted to the ground link 130. The first motor 122 is aligned 
30 with a first joint 1 32 connecting the ground link 1 20 to second link 1 34. The first joint 
132 has a rotational axis extending through the spherical center of the linkage 120, as do 
all the other rotational axes of the various joints. A bearing assembly 154 provides ease 
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of rotation between the first and second links 130 and 134. Referring now to Figures 6- 
10. the ground link 130 connects to the second link 134 at the first joint 132. The 
second end of the second link 134 pivotally connects to a first end of a third link 138 at 
a second joint 136. The second joint 136 also has a rotational axis that passes through 
the spherical center of the spherical linkage 120. A bearing and encoder assembly 156 
provides for accurate rotation between the second link 134 and the third link 138. A 
second end of the third link 138 connects to a first end of a fourth link 142 at joint 140. 
The joint 140 has a rotational axis extending through the spherical center of the 
spherical linkage 120. The joint 140 also includes a bearing assembly 158 with the 
dental model tray 150 and dental model tray clamping mechanism 152 mounted thereon. 
The second end of the fourth link 142 connects to the first end of the fifth link 146 at a 
joint 144. The joint 144 has a rotational axis extending through the center of the serial 
linkage 120 and intersecting the other rotational axes. A bearing and encoder assembly 
160 provides for ease of rotation between the fourth link 142 and the fifth link 146. A 
second end of the fifth link 146 connects to the first ground link 130 at a fifth joint 148. 
The fifth joint 148 is aligned with the shaft of the motor 124 and through the center of 
the spherical linkage 120. 

Referring to Figure 1 1, the clamping mechanism 152 mounts to the top 
of the bearing assembly 140. The bearing assembly 140 includes two sets of tapered- 
type bearings 190 and supporting a bearing shaft 192. A motor 170 having an encoder, 
such as MicroMO Model 1628, rotates the clamping mechanism 152 so that the dental 
models supported in the tray 150 may be rotated as the linkage 120 moves through its 
ranges of motion. This configuration provides an additional degree of freedom and 
improved access and coverage of objects to be scanned. The dental tray 150 mounts on 
a clamping plate 154 and is held in position by a press plate 176 to provide a quick 
disconnect. A clamping housing 182 pushes down onto a clamping spring 180 to 
eliminate looseness and maintain the dental tray 150 tightly against the press plate 176 
aligned beneath the scanning beam. A clamping mount 184, such as a bolt and nut, 
receives the compression spring 180, the housing 182, the press plate 176 and the dental 
tray 150. The clamping mechanism 152 is offset from the axis of the third joint 140. 
However, this arrangement moves the dental tray 150 so that it is substantially above 
and aligned with the axis passing through the third joint 140. The scanned object is 
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supported outside the sphere of the spherical linkage 120, thereby allowing the linkage 
120 to be more compact than if the object were supported at the interior of the sphere. 
This configuration places the object to be scanned substantially at the rotational axis of 
the arm 128, so that the object remains in the depth of field of the scanner 108, as shown 
in Figure 1. 

As can also be seen in Figure 1 1, the other bearing assemblies, such as 
bearing assembly 160 mounted at the joint 144 between the fourth link 142 and the fifth 
link 146 also includes a housing including two sets of tapered bearings 190 supporting a 
bearing shaft 192. Although the bearing assemblies provide some additional weight, 
the nature of the spherical linkage provides additional support at both ends of each link 
so that the precision is not adversely affected and accurate scanning is achieved. 

Referring to Figure 12, the input drive motors 122 and 124 for the 
linkage 120 include associated bearing assemblies 154 and 162 respectively. Each of 
the bearing assemblies 154 and 162 includes two sets of tapered bearings 190 
supporting the bearing shaft 192. The motors 122' and 124 are aligned with the 
rotational axis for each of the bearing assemblies 154 and 162 and intersect at the 
spherical center of the linkage 120. Both drive motors 122 and 124 are mounted to the 
ground link 130 in the embodiment shown. However, it can be appreciated that in other 
configurations, it may be necessary to change mounting locations for one or both of the 
motors 122 and 124 to other joints of the linkage 120. 

The scanner apparatus 100 provides for four degrees of freedom to meet 
the scanning requirements for efficiently scanning a dental model. All of the motors 
and encoders is connected to a central processor or controller to coordinate the various 
inputs and position the linkage 120 as desired. The angle of the ground link 130 may be 
changed by driving the motor 1 14, to provide a first degree of freedom. The motor 1 14 
and arm 128 control the pitch angle relative to the scanner 108. In addition, the 
position of five bar linkage 120 may be altered by driving one or both of the motors 122 
and 124, providing two more degrees of freedom. The motors 122 and 124 provide two 
translation^ degrees of freedom. Finally, the position of the clamping mechanism 152, 
and therefore the dental model 150, may also be rotated relative to the linkage 120 by 
the motor 140, providing a fourth degree of freedom. The motor 140 controls the yaw 
angle relative to the scanner 108. The four degrees of freedom provides controlled 
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scanning access to the surface of objects that are being scanned while matching the 
needs of a typical laser scanner. Such a scanning apparatus 100 having four degrees of 
freedom is also cheaper than more complicated five or six degree of freedom 
mechanisms. Moreover, as the object is placed outside the sphere of the spherical 
closed loop linkage 120. the links do not pass through the scanning beam 1 10 and 
complete coverage can be accomplished. 

As the linkage 120 is a closed loop type linkage, there is not an 
unacceptable degree of flexure or inaccuracy due to tolerances that occur and compound 
with multi-link linkages that do not have a closed loop. The spherical linkage provides 
more compatible paths of motion for scanning curved objects and minimizes the 
workspace required for the scanning system 100. Although the size required will 
depend on the scanner 108 which is used and its focus range, for the embodiment shown 
using a laser scanner 108 Model RPS 150, manufactured by Geometric Research 
Incorporated, a spherical linkage 120 having a radius of about four inches, giving a 
scanning radius of about six inches has been achieved. A frame width of approximately 
15 M and a height of approximately 20" is also achieved. Such economies of space 
provide for more viable use for the scanning apparatus, such as a tabletop or desktop 
version which could be used in a dental office. 

Each link may be defined by the included angle between its joints, which 
remains constant as the linkage 120 is moved and as the radius of a link is varied. In the 
embodiment shown, the first link 130 is a 20 degree link, the second link 134 and the 
fourth link 146 are 50 degree links, and the third link 138 and fourth link 142 are 60 
degree links. Therefore, the linkage 120 is symmetrical about the first link 1 30. Such a 
configuration simplifies manufacturing, scanning calculations and plot planning over 
non-symmetrical linkages. 

Although the scanner apparatus 100 is shown for use in digitizing dental 
models, it may be used for many other biomedical and non-biomedical applications 
requiring movement through a small depth of field with four degrees of freedom. Other 
typical applications include, but are not limited to, scanning vertebral bodies in the 
spine, scanning cast or machined elements, coordinate measuring systems, or path 
generation for tools and instruments. 
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It is to be understood, however, that even though numerous 
characteristics and advantages of the present invention have been set forth in the 
foregoing description, together with details of the structure and function of the 
invention, the disclosure is illustrative only, and changes may be made in detail, 
5 especially in matters of shape, size and arrangement of parts within the principles of the 
invention to the full extent indicated by the broad general meaning of the terms in which 
the appended claims are expressed. 
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